Background: Uveal melanoma is characterised by mutations in GNAQ and GNA11, resulting in Ras/Raf/MEK/ERK pathway activation. Treatment with selumetinib (AZD6244, ARRY-142886), a MEK1/2 inhibitor, results in antitumour effects in uveal melanoma pre-clinical models. A randomised phase II trial demonstrated improved progression-free survival (PFS) and response rate (RR) with selumetinib monotherapy versus chemotherapy with temozolomide or dacarbazine in patients with metastatic uveal melanoma. Pre-clinically, selumetinib in combination with alkylating agents enhanced antitumour activity compared with chemotherapy alone. We hypothesise that selumetinib in combination with dacarbazine will result in improved clinical outcomes in patients with metastatic uveal melanoma versus dacarbazine alone.
Background
Uveal melanoma is the most common primary tumour of the eye [1] . Biologically distinct from cutaneous melanoma, it is a rare disease with an incidence per year of about 1200-1500 new cases in the US, accounting for around 5 % of all melanomas, and approximately 460 cases in Europe [2] [3] [4] . Metastasis is common, occurring in approximately 50 % of patients with posterior uveal melanoma within 15 years of the initial diagnosis and treatment [5] , and prognosis is poor with a median overall survival (OS) of 4-15 months [6, 7] .
Agents with regulatory approval for use in patients with advanced cutaneous melanoma have only a limited role in the treatment of advanced uveal melanoma, and there are no approved or effective therapies for the treatment of patients with this disease [6] . Although immunotherapy with ipilimumab has been demonstrated to improve survival in patients with metastatic cutaneous melanoma [8] (NCCN Practice Guidelines in Oncology melanoma version 4.2014 [http://www.nccn.org/professionals/physician_gls/ f_guidelines.asp#melanoma]), the efficacy of this agent in uveal melanoma is not well defined. Analysis of singleand multi-centre expanded access programmes indicates modest radiographic response rates in patients with metastatic uveal melanoma; however, any effect upon overall survival has yet to be demonstrated [9] [10] [11] [12] [13] [14] . Some benefit has been observed with high dose interleukin-2, another immunological agent to be approved for the treatment of metastatic melanoma, in this patient population [15, 16] . Further prospective data are required to fully understand the potential value of immunotherapy, including pembrolizumab which was recently approved in the US, in this setting.
Vemurafenib and dabrafenib are small molecule inhibitors of BRAF approved for use in patients with advanced melanoma harbouring a V600 BRAF mutation (NCCN Practice Guidelines in Oncology melanoma version 4.2014 [www.nccn.org/professionals/physician_gls/ pdf/melanoma.pdf]). Antitumour efficacy is only observed in cells harbouring a BRAF mutation, with paradoxical activation of the Ras/Raf/MEK/ERK pathway observed in cells with wild-type BRAF [17] [18] [19] . Given that BRAF mutations are absent or rare in uveal melanoma [20] [21] [22] , there is no utility for these agents in this disease.
Importantly, 80-96 % of uveal melanomas harbour mutations in either the guanidine nucleotide binding protein (G protein), Q polypeptide 1 (GNAQ) or the G protein alpha 11 (GNA11) gene, in a mutually exclusive pattern [23] [24] [25] . Oncogenic mutations in GNAQ and GNA11 result in constitutive activation of these proteins and downstream signalling of pathways such as the YAP pathway [26, 27] , the phosphoinositide-3 kinase/AKT [28] and the Ras/Raf/MEK/ERK pathway, thus playing a key role in the development and progression of uveal melanomas [23, 24, 29] . This biology suggests that inhibition of one or more of these signalling pathways may result in antitumour activity.
Selumetinib (AZD6244; ARRY-142886) is an orally available, potent and selective, non-ATP-competitive mitogen-activated protein kinase (MEK1/2) inhibitor [30] . In pre-clinical tumour models, selumetinib demonstrates single agent anti-cancer activity [31] , including in models of uveal melanoma harbouring GNAQ or GNA11 mutations [32, 33] .
In a hypothesis-generating phase II open-label study, patients with metastatic uveal melanoma, who were either temozolomide or dacarbazine treatment naïve, achieved an improved progression-free survival (PFS) with selumetinib versus chemotherapy alone with temozolomide or dacarbazine (15.9 vs 7 weeks; hazard ratio [HR] 0.46 [95 % confidence interval (CI) 0.30, 0.71]; p < 0.001). Tumour regression was observed in 49 % of patients treated with selumetinib. No Response Evaluation Criteria In Solid Tumors (RECIST) responses were observed in patients treated with chemotherapy [34] .
Pre-clinical work has identified several promising strategies to improve the efficacy achieved with selumetinib alone, including the concurrent administration of chemotherapy with selumetinib, which results in increased expression of pro-apoptotic proteins such as BIM [35] . When evaluated in combination with chemotherapy, selumetinib enhanced antitumour efficacy compared with each agent alone, with particular sensitivity to BRAF/RASmutant tumours [31] . Selumetinib in combination with temozolomide, which has the same active metabolite as dacarbazine, enhanced tumour growth inhibition, DNA damage and apoptosis in a RAS-mutant tumour model versus temozolomide monotherapy [35] . A series of clinical trials assessing the efficacy of selumetinib in combination with chemotherapy have shown promise in patients with mutations associated with the KRAS and BRAF pathways [36, 37] , including in combination with dacarbazine in patients with BRAF mutation-positive cutaneous or unknown melanoma [37] .
This pre-clinical [31, 35] and clinical evidence [34, 36, 37] suggests that targeting the Ras/Raf/MEK/ERK pathway in combination with chemotherapy is an attractive therapy option to investigate in this disease setting. We therefore hypothesise that selumetinib in combination with dacarbazine, an alkylating agent approved for use in the treatment of advanced melanoma [38] (NCCN Practice Guidelines in Oncology melanoma version 4.2014 [www.nccn.org/professionals/physician_gls/pdf/melanoma. pdf]), may offer improved clinical outcomes in patients with metastatic uveal melanoma versus dacarbazine alone.
Methods/Design

Study objectives
The primary objective is to assess the efficacy of selumetinib in combination with dacarbazine compared with placebo in combination with dacarbazine in terms of PFS in patients with metastatic uveal melanoma ( Table 1 ). Assessment will be by blinded independent central review (BICR) of computed tomography (CT) or magnetic resonance imaging (MRI) scans according to RECIST v1.1.
Secondary objectives include further assessment of efficacy in terms of OS and objective response rate (ORR), duration of response (DoR), change in tumour size at Week 6, safety and tolerability. Exploratory objectives include assessment of mutations in GNAQ/GNA11, health-related quality of life (HRQoL) and biomarkers for response or development of cancer.
Trial design and treatment plan SUMIT (NCT01974752) is a randomised, international, double-blind, placebo-controlled phase III study assessing the efficacy and safety of selumetinib (75 mg, twice daily on a continuous oral administration) in combination with dacarbazine (1000 mg/m 2 , intravenously on Day 1 of every 21-day cycle) compared with matched placebo in combination with dacarbazine (same schedule) in patients who have not previously had a systemic therapy for metastatic uveal melanoma ( Fig. 1 ).
Patients will be randomised in a 3:1 ratio to receive selumetinib in combination with dacarbazine or placebo in combination with dacarbazine, and stratified by the presence/ absence of liver metastases (yes/no) at randomisation. Following confirmation of objective disease progression by BICR, all patients have the option of receiving open-label selumetinib with or without dacarbazine or an alternative treatment approach.
All randomised patients will be assessed by CT or MRI at screening, Week 6 and every 6 weeks thereafter, relative to the date of randomisation until objective disease progression regardless of whether or not they are on study treatment. Up to the data cut-off for the primary analysis, RECIST v1.1, defined by BICR, will be used to assess each patient's tumour response to treatment and allow calculations of PFS, ORR, duration of response and tumour size at Week 6. For patients receiving open-label selumetinib with or without dacarbazine, tumour assessments will be performed in accordance with local practice at the investigational site and will not be sent for BICR.
Adverse events (AEs) will be collected from the time of informed consent, coded using the Medical Dictionary for Regulatory Activities (MedDRA), and graded using the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE). AEs will continue to be collected for patients who opt to receive openlabel selumetinib (either alone or in combination with dacarbazine) as post-progression therapy.
Ophthalmologic examinations and echocardiogram/ multi-gated acquisitions will be performed at randomisation and then every 6 and 12 weeks, respectively, thereafter or as clinically indicated. For both, a 30-day follow-up assessment will be required if an on-treatment assessment was abnormal at the time of discontinuation of selumetinib/placebo, to confirm reversibility of the abnormality.
The European Organization for Research and Treatment of Cancer 30-item core quality of life questionnaire version 3 will be used to assess HRQoL at baseline and thereafter every 3 weeks following randomisation until objective disease progression or death. Archival tumour samples will be collected for all randomised patients for the assessment of GNAQ/GNA11 mutation status. In addition, patients will provide plasma samples for analysis of circulating free tumour DNA. Correlation between tumour and plasma-based mutation analysis will be assessed.
All patients are required to provide written informed consent. The study will be performed in accordance with the Declaration of Helsinki and the International Conference on Harmonisation Good Clinical Practice. The protocol was approved by the Institutional Review Board at each study site (approximately 50 sites, Table 2 ) and complied with local country regulations.
Study population
Patients will be eligible for inclusion if they are ≥18 years of age with a clinical diagnosis of metastatic uveal melanoma (histologically or cytologically confirmed), and have ≥1 lesion that can be accurately measured at baseline, and is suitable for accurate repeated measurements. Patients must have an Eastern Cooperative Oncology Group (ECOG) performance status 0-1, a life expectancy >12 weeks and be able to provide informed consent.
Patients will be excluded from the study if they have received previous treatment with a systemic anticancer therapy, or have symptomatic brain metastases or spinal cord compression. Full patient selection criteria are presented in Table 3 .
Statistical methods
An estimated 128 patients with metastatic uveal melanoma will be randomised 3:1 to the selumetinib plus dacarbazine group (96 patients) or placebo plus dacarbazine group (32 patients), to obtain approximately 93 PFS events. The sample size is driven by the number of required events. Assuming a true PFS HR of 0.46 [34] , this number of events will provide 90 % power to demonstrate a statistically significant difference for PFS at a 5 % 2-sided significance level. OS will be analysed at the time of PFS analysis and updated at 65 % maturity (approximately 83 events). Assuming a true OS HR of 0.49, with 83 deaths, the trial has 80 % power to demonstrate a statistically significant difference for OS with a 1-sided type-1 error of 2.43 %. The type-1 error has been adjusted to allow for a single interim analysis based on approximately 45 death events.
Efficacy analyses will be performed on the efficacy analysis set on an intent-to-treat (ITT) basis according to randomised treatment. PFS, based on BICR, and OS will be analysed by a stratified log-rank test, with the presence of liver metastases at randomisation included as a stratification factor. The effect of treatment will be estimated by the HR together with its corresponding 2-sided CI and p-value. Kaplan-Meier plots of PFS and OS will also be presented. ORR (based on BICR) will be analysed using a logistic regression adjusted for the stratification factor presence/absence of liver metastases.
To describe the nature of benefits of selumetinib treatment, PFS, ORR and OS will be tested at a 2-sided significance level of 5 (PFS and ORR based on BICR). In order to strongly control the type-1 error at 2.5 % 1-sided, a multiple testing procedure with an alphaexhaustive recycling strategy [39] will also be employed across the primary endpoint PFS and secondary endpoints ORR and OS. No formal statistical testing will be performed on the safety data. AEs will be summarised by preferred term and system organ class (using MedDRA). Summaries of AEs by causality and National Cancer Institute CTCAE grade will also be presented. Data for exploratory patient-reported outcome endpoints will be analysed descriptively for the efficacy (ITT) analysis set. Data will be presented in terms of minimum, maximum, mean, standard deviation and median scores together with 95 % CIs at each visit as well as change from baseline to each scheduled visit (including end of treatment).
Assessments
Discussion
We hypothesise that selumetinib in combination with dacarbazine will provide improved clinical outcomes versus dacarbazine alone in patients with metastatic uveal melanoma. This is founded on the encouraging results [34] . A comparable PFS improvement to that in the overall population was observed in patients with tumours harbouring a mutation in GNAQ or GNA11 [34] . This phase III trial will build on pre-clinical and clinical evidence assessing the efficacy of selumetinib in combination with chemotherapy. Pre-clinically, the combination of selumetinib with chemotherapy has been shown to increase the cytotoxicity of chemotherapy alone [31] , including in RAS-mutant tumour models, i.e. cells dependent on the Ras/Raf/MEK/ERK pathway [35] . Clinically, two phase II trials have demonstrated the efficacy of selumetinib in combination with chemotherapy in patients with Ras/Raf/ MEK/ERK-pathway-dependent cancer [36, 37] . As noted, tumours dependent on the Ras/Raf/MEK/ERK pathway include uveal melanomas harbouring oncogenic GNAQ/ GNA11 mutations [24] . Thus, the combination of selumetinib with chemotherapy in this disease setting may pose a favourable treatment approach.
Dacarbazine was selected as the therapy for use in combination with selumetinib in this study based on a number of factors. Selumetinib in combination with temozolomide (which has the same active metabolite as dacarbazine but does not require liver metabolism for activation [40] ) enhanced the antitumour effect of temozolomide monotherapy [35] . Although this study utilised a human colorectal tumour xenograft model, it provides positive evidence for the efficacy of selumetinib in combination with temozolomide/dacarbazine in a RAS-mutant model. The combination of selumetinib and dacarbazine has demonstrated clinical activity in a phase II trial, with significant improvements in PFS observed in patients with BRAF mutation-positive advanced cutaneous or unknown melanoma receiving the combination versus dacarbazine alone [37] . Clinically, dacarbazine is the only chemotherapy approved for use in the treatment of melanoma (NCCN Practice Guidelines in Oncology melanoma version 4.2014 [www.nccn.org/professionals/ physician_gls/pdf/melanoma.pdf]) and is the most commonly prescribed chemotherapy for both metastatic cutaneous and uveal melanoma. Taken together, these data provide the rationale for selecting dacarbazine as the combination agent for selumetinib in this study.
To address concerns that dacarbazine may be a less optimal therapy than selumetinib for patients with uveal melanoma, based on the encouraging clinical efficacy with selumetinib in this patient population [34] , an unequal randomisation ratio (3:1) will be used in this study for selumetinib and dacarbazine. The evaluation of response at Week 6 and every 6 weeks thereafter will enable the identification of early progressors on chemotherapy and permit rapid crossover of patients to selumetinib, if required. At the point of objective disease progression, patients will have the option of receiving open-label selumetinib with or without dacarbazine. In the phase II study, 86 % of patients with metastatic uveal melanoma were clinically sufficiently fit to receive selumetinib treatment after experiencing disease progression with temozolomide or dacarbazine. In these patients, efficacy with selumetinib was lower with a median PFS of 8 weeks (95 % CI 8, 12 weeks) compared with 15.9 weeks (95 % CI 8.4, 21.1 weeks) when selumetinib was given initially [34] . However, these findings need to be interpreted with caution as this was a post-hoc analysis, and the reasons behind these findings are not clear.
As the treatment of patients with metastatic uveal melanoma represents an area of high unmet medical need, the results of the described phase II studies, coupled with pre-clinical and clinical evidence, provide the rationale for assessing selumetinib in combination with dacarbazine in this patient population. This study is the first potential registration trial to be conducted in patients with metastatic uveal melanoma and was designed with input from the US Food and Drug Administration (FDA). Study enrolment began in April 2014 and the study is expected to complete in early 2015. 
